The effects of pressure and temperature on the fatty acid composition in a barotolerant deep-sea bacterium that had branched-chain fatty acids were examined. The major fatty acids of the strain at atmospheric pressure were iso-C15:0, C16:1l iso-Cl7:0, and iso-C17:1. As the growth pressure increased, the proportion of unsaturated fatty acid increased because of an increase in the proportion of iso-Cl7:1. On the other hand, as the growth temperature decreased, the proportion of unsaturated fatty acid increased because of the increase in the proportion of C16:1 and C18:1l
temperature decreased, the proportion of unsaturated fatty acid increased because of the increase in the proportion of C16:1 and C18:1l
In response to a change in ambient temperature, many organisms can regulate their fatty acid and lipid composition (4, 6, 15, 17) . Such changes are explained by the regulation of the membrane fluidity that is necessary for the effective functioning of the biological membrane. This response, called homeoviscous adaptation, was originally reported for Escherichia coli (17) . Although the deep-sea environment with high pressure is extreme for microorganisms from coastal waters, it is inhabitated by barotolerant and barophilic bacteria (5, 7, 8, 21, 22) . Recently, it was found that fatty acid compositions in barophilic bacteria vary in response to changes in pressure (2, 3, 20) . The modulation is thought to be analogous to homeoviscous adaptation because high hydrostatic pressure raises the melting point of lipids. We observed the analogous modulation of fatty acid composition in a barotolerant deep-sea bacterium (10) .
The effects of temperature on the fatty acid composition of bacteria that have straight-chain or branched-chain fatty acids have been widely investigated. Although pressureinduced changes in fatty acid composition have been reported, there are no reports on the effect of pressure in bacteria with branched-chain fatty acids as major membrane components. The change in fatty acid composition that regulates membiane fluidity under high pressure is worth studying to understand the biochemical basis of the bacterial adaptation to pressure.
In this report, we examine the effects of pressure and temperature on the fatty acid composition of a barotolerant bacterium that contains branched-chain fatty acids as a major component. The adaptation of the bacterium to high pressure is discussed. An OV-1 column (G205; 40 m long by 1.2 mm in diameter; supplied by Nihon-Kagakuseihin Kensa, Kyoukai, Japan) fitted to a gas chromatograph equipped with a flame ionization detector and integrator (model A-5; Shimadzu Co., Tokyo, Japan) was used for the analysis of fatty acid methylester. Fatty acid methylesters were initially identified by comparing the retention time with known standards. The identification was confirmed by comparing the electron impact mass spectra of the sample with those of pure standards. Gas chromatography-mass spectrometry was performed with a Shimadzu model QP-2000 instrument with a Nutrabond-1 column (25 m long by 0.25 mm in diameter). The injection temperature was 300°C, and the oven was programmed at a starting temperature of 50°C for 2 min, from 50 to 200°C at a rate of 30°C/min, and from 200 to 290°C at a rate of 5°C/min. Electron impact mass spectrometry was performed at 70 eV.
As shown in Table 1 , strain RS103, which was grown at atmospheric pressure, contained iso-C15:0, iso-C17:0, C16:1, and iso-C17:1 as major fatty acids. Branched-chain unsatur- (14) . Furthermore, iso-C15:1, iso-C17:1, and anteiso-C17:1 were found in Streptomyces griseus and Brevibacterium fermentans in small quantities at low temperature (18) . Strain RS103 was motile with a single flagellum and was an aerobic, gram-negative, and non-spore-forming bacterium. Glucose was not metabolized under both aerobic and anaerobic conditions. The GC content of DNA was 47.2 mol%. The bacterium grew well at 25 to 35°C but did not grow at 4°C under atmospheric pressure. Judging from these data, strain RS103 is likely to be identified under the genus Alteromonas. However, the strain had a unique fatty acid composition resembling those of the gram-positive bacteria and was markedly different from those of gram-negative bacteria. The specific characterization is under thorough investigation.
The effect of pressure on major fatty acid composition of strain RS103 is shown in Fig. 1 . As the growth pressure increased from 0.1 MPa to 40 MPa, the proportion of unsaturated fatty acids increased from 34.5% to 49.5% because of an increase of iso-C17:1. The proportions of iso-C15:0 and iso-C17:0 slightly decreased with the increasing pressure. The ratio of iso-C15:0 to iso-C17:0 changed between 1.84 and 2.33. The maximum ratio was obtained at 10 MPa.
The proportions of C16:1, C17:1, and C18:1 did not change as a function of pressure. The proportion of iso-C17:1 in strain RS103 increased proportionally with the increasing pressure, and such an increase contributed to the increase in unsaturated fatty acid. In Thermus thennophilus, which contains branched-chain fatty acids with C15 to C17 as major components, the amount of shorter-chain fatty acids increases with the decreasing temperature and the fatty acids contribute to the maintenance of membrane fluidity (16). Nordstrom and Laakso (14) recently reported that in some Thermus strains, the proportion of anteiso-branched-chain fatty acids, namely, anteiso-C15:0, anteiso-C17:0, and anteiso-C17:1, increases at lower temperature ranges. The increase is thought to contribute to the maintenance of membrane fluidity at low temperatures. In strain RS103, iso-C15:0 did not increase with the increasing pressure and the ratio of iso-C1s:o to iso-C17:0 changed a little. It is well known that bacteria adapt to low temperatures by increasing the production of fatty acids that have a low melting point. The melting temperatures of unsaturated fatty acids is lower than that of saturated ones. Levels of iso-C17:1 in strain RS103 significantly increased with increasing pressure; hence, it can be deduced that such increases contribute to the maintenance of membrane fluidity at high pressure. The effect of temperature is shown in Fig. 2 . As the growth temperature decreased from 40°C to 10°C, the proportion of unsaturated fatty acids increased from 27.6% to 51.9% because of the marked increase in C16:1 and a slight increase in C18:1. Although the ratio of iso-C15:0 to iso-C17:0 increased from 2.13 to 4.0 with decreasing temperature (from 40°C to 10°C), the relative proportions of iso-C15:0 and iso-C17:0 decreased with decreasing temperature. iso-C17:1 levels that had increased with the increasing pressure decreased slightly with the decreasing temperature. Concerning the fatty acid composition in strain RS103, the response to temperature was different from the response to pressure. C16:1 in strain RS103 increased with decreasing temperature and contributed to the increase in the proportion of unsaturated fatty acid at low temperature. Therefore, it can be concluded that C16:1 contributes to the maintenance of membrane fluidity at low temperature.
We have already reported the effects of pressure and temperature on fatty acid composition in a barotolerant deep-sea bacterium, strain 4033-B (10). The effect of pressure on the fatty acid composition of the bacterium differed from the effect of temperature. In strain 4033-B, levels of C17:1 increased at high pressure and C16:1 increased at low temperature, while C17:1, which increased at high pressure, did not change as a function of temperature. An analogous response was observed in strain RS103 in this report. The increase in iso-C17:1 with increasing pressure is suggested to be a strain-specific adaptation to pressure and apparently contributed to the barotolerant activity of strain RS103. The increase in iso-C17:1 at higher pressure was clearly manifested; however, whether this occurrence is essential for pressure adaptation in strain RS103 remains unknown. What is certain is that pressure-induced specific regulators are involved in the regulatory mechanism of iso-C17.1 synthesis and that strain RS103 can be a useful bacterium for the clarification of the mechanism of bacterial adaptation to high pressure.
